Abstract
Introduction

Recent developments in CBT in psychosis
produced non-significant effect-size in blinded studies (Jauhar et al., 2014 : Effect-size positive symptoms = 0.08). Moreover, CBT was superior to any other psychosocial intervention in reducing positive symptoms (Turner et al., 2014) and yielded robust results in all sensitivity analyses for risk of bias. It only dissapeared in allegiance sensivity analysis because of lack of power as only three studies were non-alleged. The focus recently moved to examination of the working mechanisms and cognitive biases. The biases associated with data gathering and the appraisal and processing of information, are associated to psychosis in general and, in particular, to positive symptoms such as (persecutory) delusions (van der Gaag, 2006; Freeman, 2007) . The focus of therapies and trainings have moved from a predominantly content-oriented focus (what is the patient thinking?) towards a process-oriented focus on cognitive biases (Garety et al., 2001; Morrison, 2001; Bentall et al., 2009; Bennett and Corcoran, 2010) .
Cognitive biases associated with delusions
Several cognitive biases, such as jumping-to-conclusions (JTC), belief inflexibility, problems in Theory of Mind and externalizing attributions, are hypothesized to be associated with the pathogenesis and maintenance of delusions. The JTC bias refers to a tendency to gather less data or evidence than healthy controls in order to reach a decision or accept a hypothesis (Garety et al., 1991; Fine et al., 2007) . The JTC bias has also been found in individuals at risk for psychosis (Colbert and Peters, 2002; Van Dael et al., 2006) and in highly deluded and remitted patients (Moritz & Woodward, 2005) . Belief inflexibility refers to a bias against disconfirmatory evidence (Woodward et al., 2008) and is particularly related to delusional preoccupation and conviction (Garety et al., 2005; Colbert et al., 2010) . Furthermore, problems in Theory of Mind (i.e. the inability to represent the beliefs, thoughts and intentions of others), which is known to be related to symptoms of disorganization, may also contribute to paranoid delusions (Craig et al., 2004; Versmissen et al., 2008; Abdel-Hamid et al., 2009) ; however, there is mixed evidence on this topic with some studies finding no associations (Fernyhough et al., 2008) or an intact Theory of Mind during a delusional state (Walston et al., 2000) . Finally, there is evidence that an externalizing attribution style, with patients making external (personal) attributions for negative events and internal attributions for positive events, is associated with delusions (Kaney & Bentall, 1989; Kinderman & Bentall, 1997; Janssen et al., 2006) . Again, inconsistent findings have been reported, with some studies finding no differences between early psychosis patients and controls in the tendency to externalize or personalize (Langdon et al., 2013) and others concluding that the link between persecutory ideation and attribution biases only manifests when persecutory ideation is of delusional intensity, and that it is confined to only a personalizing bias (McKay et al., 2007) . Generally speaking, the above-mentioned cognitive biases are of interest since they are assumed to mediate (or moderate) treatment response in delusional symptoms (So et al., 2010) .
Metacognitive training in schizophrenia
Moritz and Woodward were the first to translate theoretical results on cognitive biases and processes into a series of training modules called the Metacognitive Training (MCT; Moritz & Woodward (2007) ). Furthermore, sessions on overconfidence in memory errors and depressive cognitive patterns were added. MCT aims to increase the patient's knowledge about cognitive biases and to raise (metacognitive) awareness of the dysfunctional nature of these biases by means of exercises. It adopts a 'back-door approach' by first addressing cognitive biases instead of directly aiming at core delusional beliefs. MCT is a group-wise training for 3-10 patients and comprised of eight different modules targeting cognitive biases.
Exercises that demonstrate the fallibility of human cognitive apparatus are discussed in the group. Participants are encouraged to express personal examples of these biases, and discussion of ways to counter them, serve to provide corrective experiences in a supportive atmosphere. This approach has obvious advantages over mere didactic providing of information. Patients are taught to recognize and confront the biases that are important in schizophrenia, thus allowing them to arrive at more appropriate inferences.
The published results on MCT are inconsistent and the evidence for efficacy is still undecided.
At the same time there is a widespread dissemination and the MCT modules are available in 33 languages and are used all over the globe. Although the number of studies is relatively small for properly powered meta-analysis (N = 11), we considered it is necessary to systematically review the current literature and to conduct a meta-analysis on the effects of MCT compared to TAU or active control on data gathering bias, delusions, and positive symptoms of psychosis in patients with positive symptoms of schizophrenia.
Methods
Data collection
Eligibility criteria
Studies had to meet the following criteria for inclusion: a) the experimental treatment was MCT (Moritz/Woodward approach), b) the study had to be a comparative trial with or without randomization, c) reporting both pre and post test measures d) any control condition was accepted, e) at least 75% of the patients were diagnosed with schizophrenia spectrum disorders, f) only published in peer-reviewed journals (conference abstracts were excluded); and g) the study used data gathering, delusion ratings and/or positive symptom ratings as an outcome measure. Although there were no language restrictions all studies were in English language. The PRISMA guidelines for systematic reviews and meta-analyses are followed (Liberati et al., 2009 ).
Information sources
Studies were selected by various methods. 
Data extraction
The titles of the 611 retrieved papers were screened for eligibility by the first author. A first selection on the topic of 'MCT in psychosis' resulted in 22 potential papers. Finally, 11 studies were included in this meta-analysis ( Figure 6 .1). One study had delusional symptoms as primary outcome , two had positive symptoms as primary outcome (Naughton et al., 2012; Balzan et al., 2014) and five papers dealt with both delusional symptoms and positive symptoms (Kumar et al., 2010; Moritz et al., 2011a Kuokkanen et al., 2014; . One paper dealt with both data gathering bias and positive symptoms , one paper dealt with data gathering bias, positive symptoms and delusional symptoms (Moritz et al., 2013) , and one paper had data gathering bias as primary outcome (Ross et al., 2011) . 
Quality assessment
The methodological quality of the eligible studies was reviewed using the Clinical Trial Assessment Measure (CTAM) (Tarrier & Wykes, 2004) . Quality ratings were based on the following criteria: sample characteristics (i.e. is the sample a convenience sample or a geographically representative cohort; sample size); allocation procedures (i.e. valid randomization procedure); assessment of outcomes (i.e. standardized assessment method used); control condition (i.e. has a credible control condition been implemented); analysis (i.e. appropriate statistical analysis given the design and type of outcome); description of treatment (i.e. has the treatment been sufficiently described or manualized).
The maximum achievable score on the CTAM is 100. Similar to Wykes et al. (2008) we adopted an arbitrary cut-off score of 65 to denote either high or low quality studies. Two experienced independent raters (SC and ABPS) performed the screenings. A consensus meeting was held to resolve differences in scores and ratings.
Data analysis
Meta-analyses were conducted for the end-of-treatment effects for each of the available outcome measures separately. The outcomes at the end of treatment across the trials were synthesized meta-analytically using Comprehensive Meta-Analysis version 2.2 (www.metaanalysis.com). Post-hoc power analysis for random effect models in meta-analysis resulted in a detectable small-to-moderate pooled effect size of 0.37 (Hedge's g; two-sided, power = 0.80, α = 0.05) in both positive symptoms and delusions.
The studies in this meta-analysis examined different samples and used various control interventions. Therefore, differences between the effect sizes are likely to reflect these sources of heterogeneity. A random effects model for meta-analytic synthesis of effect sizes across the primary studies was conducted. Most studies used small samples. We decided to use
Hedges' g as effect size, which is corrected for small sample bias. 
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Heterogeneity is always a matter of concern in meta-analysis. Therefore, we evaluated whether the variability in the outcomes across the studies could be attributed to random sample error alone, or might be attributed to systematic factors, such as type of intervention.
We tested heterogeneity with a Chi-square test and degrees of freedom (df) set at the number of primary studies in the meta-analysis minus one. We also report the I 2 statistic, which is easier to interpret: when I 2 = 0%, 25%, 50% or 75%, then no, low, moderate or high heterogeneity, respectively, is assumed (Higgins et al., 2003) .
Meta-analysis may be subject to publication bias. When publication bias was likely, then Duval and Tweedie's trim and fill procedure was used; this yields an adjusted estimate of the pooled effect size after the publication bias has been taken into account (Duval & Tweedie, 2000) .
Sensitivity analyses
The inclusion of studies was relatively liberal. High and low-quality studies with various types of statistical analyses and procedures to correct for unblinding, were selected. To examine the effects of study quality, we conducted additional sensitivity analyses in which we successively included high-quality, low-quality and blinded studies, as well as studies using proper intention-to-treat analysis. In order to correct for allegiance bias we used the criteria of the Researcher Allegiance Assessment Tool (Cuijpers et al., 2012) which accounts for the following criteria: 1) only one of the interventions was mentioned in the title; 2) one of the two interventions was explicitly mentioned as the main experimental intervention in the introduction section of the study; 3) one intervention was explicitly described as a control condition included to control for the non-specific components of the other therapy and 4) there was an explicit hypothesis that one comparison therapy was expected to be more effective than the other. When these criteria were applied none of the studies were non-alleged. Therefore we could not run analyses on allegiance bias. Table 6 .2 presents the results of the primary studies measuring positive symptoms analysis (upper part), delusions analysis (middle part) and data gathering bias (lower part). n.a.
Results
Characteristics of the included studies
Effects on delusions
Main with all studies n.a.
Effects on data-gathering bias
Main analysis (15-85 and 20-80) 
Chapter 6
Overall analysis on primary outcome measures
Positive symptoms
Overall analysis of the effects of MCT on positive symptoms The results on the positive symptoms are presented in Table 6 
Delusions
Overall analysis of the effects of MCT on delusions
The results on the delusions are presented in the middle panel of Table 6 .2 and Figure 6 .3 and showed a non-significant effect size (g = 0.22), which was further reduced after correction for publication bias (g = 0.03). The level of heterogeneity was moderate. High-quality studies (g = 0.11), blinded studies (g = 0.17) and studies with intention-to-treat statistics (g = -0.02) were all non-significant. Just the low quality studies showed a significant effect. One by one removing of a single trial resulted in signicance for the effect of MCT on delusions. This was the case if the van Oosterhout trial was removed: a trial with zero findings and high CTAM-score compared to the other trials. For funnel plots, see Supplementary Figures S6.3, S6 .4, S6.5 and S6.6.
Data gathering bias
Overall analysis of the effects of MCT on delusions
The results on the data gathering bias are presented in the lower panel of Table 6 .2 and Figure   6 .4; results showed non-significant effect (g = 0.31). The level of heterogeneity was moderate. 
Conclusions Main findings
Currently, the evidence of this meta-analysis, does not support the efficacy of MCT for any of the outcomes selected. All main analyses on positive symptoms, delusions and data gathering bias, yielded non-significant effect sizes. Corrections for publication biases using
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the Trim and Fill procedure further reduced the effect sizes. In general, the effect sizes were further reduced in high-quality studies, blinded studies, and studies using proper intentionto-treat analysis. The exception was the results of the blinded studies measuring positive symptoms, with results resembling the effects of CBT. Nevertheless, significance disappeared after correction for publication bias.
In almost all analyses there was a moderate to high level of heterogeneity, which makes it difficult to interpret the findings and increases the risk of bias. This raises the question to what extent other (methodological and clinical) trial characteristics may contribute to the effects in the various trials and whether positive or negative effects were exerted on the true effect sizes. Differences in types of patients, levels of delusional symptomatology at baseline, treatment dosage and lack of randomization and blindness are probably causing the heterogeneity in the results of the studies.
In our trial we found no effect on data gathering nor on delusions and a non-specific effect on positive symptoms in high quality studies (which disappeared after correction for publication bias). Regarding the data-gathering bias, only the Rocha Trial found a significant effect, but also showed a worsening of positive symptoms instead of a reduction. The largest trial, from Moritz et al. (2013) , found no effect on data gathering and only small non-significant effects on positive symptoms. Freeman et al. (2014) reported that only 24% of delusional patients showed a data-gathering bias and that this was associated with deficits in working memory, lower IQ, lower levels of tolerance for uncertainty, and lower worry. The data gathering-bias was not associated with psychopathology in that study. Thus, data gathering might better be addressed by retraining working memory rather than by education. Also, the association between data-gathering bias and delusions is not very robust, as some studies found no such associations (Young & Bentall, 1997; McKay et al., 2007) . This raises the question as to what extent data gathering (JTC) and delusions are causally linked, or whether JTC is an epiphenomenon related to psychosis and if making patients aware of cognitive biases and its negative consequences (aim of MCT / back-door approach) is necessary to achieve symptom reduction.
One of the most successful studies was conducted by Moritz et al. (2011a) .This was in fact MCT plus CBT (mentioned as 'MCT+'). The positive effect might be due to the effective CBT part of the intervention, rather than to the MCT part. The individual study was marginally significant on positive symptoms and showed a tendency on delusions. However, as this was not compared with CBT alone, the addition of MCT to the effective CBT cannot be evaluated at this moment. Furthermore it was observed that the developers of MCT have found positive results, but so far independent testing by other research groups has not indicated significant change in positive symptoms (with the exception of in a small study) nor in delusions (with the exception of Favrod et al. (2014) in a small study). Moreover, in our study we found the latter studies to have relatively low CTAM-scores, reflecting lower methodological quality. More recent findings on MCT (Moritz et al., 2014) reported consolidation of delusion scores and consolidation of no effect on JTC. In the completer analysis with 40% drop-out the PANSS positive symptoms deteriorates in the control, probably due to an increase in hallucinations. The ITT analysis reported a group effect over all time moments and no group x follow-up interaction. We think these results are hard to interprete. Independent research indicating positive change is necessary for any treatment to be added to evidence based guidelines for routine care.
Strengths and limitations
The present study has several strengths and limitations. A strengt is that separate metaanalyses were conducted on different outcome measures such as data gathering bias, delusions and positive symptoms.
Another strength was the statistical power to detect small to medium effect-sizes. There is little chance of making a type 2 error and incorrectly reject the hypothesis that MCT is efficacious.
At the same time the power is a limitation. Nevertheless, a cumulative analysis on the positive symptom and delusion outcomes showed that the effects stabilized at small and non-significant effect-sizes after five trials.
General conclusions
This is the first meta-analysis on MCT. Currently, we can state that the studies do not support a positive effect for MCT on positive symptoms, data gathering and delusions. The methodology of most studies was poor and sensitivity analyses with blinded studies, high quality studies, and studies that used intention-to-treat analyses reduced the effect-sizes even further. Also correction for publication bias reduced the effect-sizes considerably. Dissemination of MCT in routine care cannot be recommended at this moment. More rigorous research would be helpful in order to create enough statistical power to detect small effect sizes and to reduce heterogeneity.
Chapter 6
Supplementary Figure The results of the reanalysis demonstrate that there are some significant effects for positive symptoms (g = 0.32) and delusions (g = 0.31), but not for data-gathering (g = 0.11) if you consider all the studies. However, the findings from the high quality and intention to treat data are similar to our original results with no significant effects on delusions, positive symptoms or data-gathering.
Heterogeneity and moderator analysis
We have chosen to conduct some additional moderator analyses with the high quality studies and not the low quality studies as Moritz suggests. Van Oosterhout (2014) is the largest study with the lowest risk of bias, but is a negative study. It does not make sense to remove robust studies from an analysis only to remove heterogeneity.
MCT+ is not CBT
The authors wrote in the paper on MCT+ that "Individualized metacognitive therapy (MCT+) followed group sessions according to the general guidelines for CBT (e.g. Fowler et al., 1995) ."
As Fowler is one of the founding fathers of CBT for psychosis, this led us to conclude that MCT+ is based on CBT. In the same paper is stated "MCT…is grounded on the principles of CBT (Fowler et al. 1995) and basic research on cognitive biases in schizophrenia (for reviews, see Garety & Freeman, 1999; Freeman et al., 2007) , as well as deficits in social cognition/theory of mind (Frith, 1994; Frith & Corcoran, 1996) ." CBT in psychosis has included the work on cognitive biases for over a decade. The main difference seems to be that MCT is set up like a course targeting transfer of 'cold cognitions' , while CBT by personalizing and experiencing the effects of biases in real life. In doing so, CBT is rather aimed at modifying 'hot cognitions' .
Evolution of MCT
Moritz and colleagues suggested changing the inclusion criteria to patients without severe delusions. We have checked the baseline data of the studies on delusions. The three studies with the highest baseline delusion scores were So, Favrod and van Oosterhout. Taking these three studies, the effect-size is 0.49, while studies with the lowest delusion scores at baseline (3x Moritz, Briki (2014) and Gaweda) have a pooled effect-size of 0.25 on delusions. So the empirical evidence rather suggests that patients with highest baseline scores of paranoia in general benefit most from therapy.
In summary, we appreciate the opportunity to air these differences in opinion; but have to conclude that the best available evidence suggests that MCT is not yet at a stage to advocate its routine use. That is to say, we acknowledge Moritz and colleagues position that MCT is work in progress and this progress needs to be data driven. However, including less rigorous
